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$EVWUDFW²7KH WDVN WR GLVWLQJXLVK EHWZHHQ VRIW WLVVXHV E\ WHVW
LQJ WKHLU PHFKDQLFDO SURSHUWLHV LV RIWHQ UHIHUUHG WR DV WKH SULPDU\
FRJQLWLYH UROH RI KDSWLF GHYLFHV ,W LV D FRPPRQ YLHZ WKDW WRGD\¶V
VXUJLFDO VLPXODWRUV WKDW DUH XVLQJ KDSWLF LQWHUIDFHV VKRXOG UHO\
RQ VLPSOH PHFKDQLFDO PRGHOV RI VRIW WLVVXHV LQVWHDG RI FRPSOH[
SDUDPHWHUL]HG ¿QLWH HOHPHQW PRGHOV WKXV HQKDQFLQJ UHDOWLPH
RSHUDWLRQ DQG IRFXVLQJ RQ WKH PRVW UHSUHVHQWDWLYH PHFKDQLFDO
HIIHFWV 7KLV SDSHU SURSRVHV D XVHUWULDO YDOLGDWLRQ PHWKRG IRU
WLVVXH PRGHOV DQG WKHLU SRO\WRSLF UHSUHVHQWDWLRQ E\ FUHDWLQJ DQ
H[SHULPHQWDO IUDPHZRUN IRU VRIW WLVVXH FKDUDFWHUL]DWLRQ XVLQJ
WKH GD 9LQFL 5HVHDUFK .LW 7KH FKDUDFWHUL]DWLRQ PHWKGRGRORJ\
UHOLHV RQ KDSWLF IHHGEDFN IURP WKH PDQLSXODWHG UHDO WLVVXH
H[WHQGLQJ WKH IXQFWLRQDOLW\ RI VXUJLFDO VLPXODWRUV XVLQJ YLUWXDO
WLVVXH PRGHOV FUHDWHG E\ WKH SUHYLRXVO\ SURSRVHG VRIW WLVVXH
PRGHOLQJ PHWKRG 5HVXOWV VKRZHG WKDW WKH WLVVXH PRGHO UHSUHVHQWV
WKH WLVVXH EHKDYLRU VXI¿FLHQWO\ ZHOO IRU XVH LQ KDSWLF VLPXODWRUV
EDVHG RQ XVHU H[SHULHQFH )XUWKHUPRUH LW ZDV FRQFOXGHG WKDW
VLOLFRQ SKDQWRPV FDQ PLPLF WKH EHKDYLRU RI UHDO WLVVXHV LQ
YDULRXV VXUJLFDO VFHQDULRV HVSHFLDOO\ ZKHQ XVLQJ WHOHRSHUDWLRQ
PDQLSXODWLRQ
, ,1752'8&7,21
,Q UHFHQW \HDUV WKH QXPEHU RI PLQLPDOO\ LQYDVLYH VXUJLFDO
SURFHGXUHV 0,6 KDV LQFUHDVHG VLJQL¿FDQWO\ 0,6 DOORZV
VKRUWHU SDWLHQW UHFRYHU\ WLPH DQG WKH GHFUHDVH RI VXUJLFDO
WUDXPD +RZHYHU GXH WR WKH ORQJ ULJLG GHVLJQ RI WKH 0,6
WRROV WKH OLPLWHG YLVLRQ DQG FRQ¿QHG RSHUDWLRQ VSDFH VHYHUDO
HUJRQRPLF GLI¿FXOWLHV DQG OLPLWDWLRQV KDYH DURVH WKDW DUH
\HW WR EH VROYHG 7KHVH LQFOXGH WKH GHSULYDWLRQ RI GH[WHULW\
ORVV RI GHSWK SHUFHSWLRQ GXH WR WKH WZRGLPHQVLRQDO YLGHR
LPDJH IHHGEDFN GLVWULEXWHG KDQG±H\H FRRUGLQDWLRQ DQG VSHFLDO
WRRO PDQLSXODWLRQ DQG PRVW LPSRUWDQWO\ WKH ORVV RI WDFWLOH
IHHGEDFN >@ :KLOH PRVW RI WKHVH OLPLWDWLRQV ZHUH DGGUHVVHG
DQG SDUWLDOO\ VROYHG ZLWK WKH LQWURGXFWLRQ RI URERWDVVLVWHG
0,6 DQG WHOHVXUJHU\ E\ XVLQJ VWHUHR YLVXDO IHHGEDFN WUHPRU
¿OWHULQJ DQG HUJRQRPLF KXPDQ±PDFKLQH LQWHUIDFHV +0,V
WKH ODFN RI IRUFH IHHGEDFN OLPLWV WKH DELOLW\ RI WKH VXUJHRQ
GXULQJ RUJDQ SDOSDWLRQ WXPRU ORFDOL]DWLRQ DQG WKH LGHQWL¿FD
WLRQ RI RWKHU DQDWRPLFDO VWUXFWXUHV GXULQJ VXUJHU\ >@
7KH UROH RI KDSWLF IHHGEDFN LQ WHOHVXUJHU\ LV WZRIROG RQ RQH
KDQG UHVWRULQJ WDFWLOH LQIRUPDWLRQ LV HVVHQWLDO IRU DVVHVVLQJ WKH
VXUIDFH SURSHUWLHV RI WKH LQYHVWLJDWHG RUJDQV 7KLV IHDWXUH LV
JHQHUDOO\ XVHIXO IRU DUWHU\ DQG OXPS GHWHFWLRQ WKHUHIRUH WKH
ODFN RI WDFWLOH IHHGEDFN OHDGV WR D PRUH GLI¿FXOW ORFDOL]DWLRQ
RI SDOSDEOH DQRPDOLHV VXFK DV NLGQH\ VWRQHV 2Q WKH RWKHU
KDQG KDSWLFV PD\ SURYLGH D UHDOLVWLF IRUFH IHHGEDFN WR WKH
URERW RSHUDWRU WKH VXUJHRQ SURYLGLQJ LQIRUPDWLRQ DERXW
WKH PHFKDQLFDO FKDUDFWHULVWLFV RI WKH WLVVXH +DSWLF IHHGEDFN
LPSURYHV WKH TXDOLW\ RI EDVLF VXUJLFDO PDQHXYHUV JUDEELQJ
SDOSDWLRQ FXWWLQJ DOORZV FROOLVLRQ GHWHFWLRQ DQG WKH DSSOL
FDWLRQ RI YLUWXDO ¿[WXUHV ERWK LQ WKH FDVH RI LQWUDRSHUDWLYH
VFHQDULRV DQG VXUJLFDO VLPXODWRUV >@ 7LVVXH FKDUDFWHUL]DWLRQ
DOVR UHTXLUHV FRPSOH[ SHUFHSWLRQ RI WKH RSHUDWLQJ HQYLURQPHQW
ZKHUH EHVLGH WLVVXH VWLIIQHVV KDUGQHVV UHOD[DWLRQ SURSHUWLHV
DQG RWKHU YLVFRHODVWLF SKHQRPHQD FDQ DOVR EH LQYHVWLJDWHG
DQG DFFRXQWHG IRU ZKHQ XVLQJ KDSWLF IHHGEDFN ,W ZDV DOVR
VKRZQ WKDW IRU WLVVXH FKDUDFWHUL]DWLRQ WDVNV XWLOL]LQJ IRUFH
IHHGEDFN OHDGV WR EHWWHU UHVXOWV WKDQ RQO\ YLVXDO IHHGEDFN
ZKLOH ZLWK WKH FRPELQDWLRQ RI WKH WZR VXSHULRU UHVXOWV FDQ
EH DFKLHYHG >@
7KHUH LV QR JHQHUDO FRQVHQVXV DPRQJ ODSDURVFRSLF VXUJHRQV
LI DQG DW ZKDW OHYHO ZRXOG KDSWLF IHHGEDFN LPSURYH WKH
RXWFRPH RI SURFHGXUHV $FFRUGLQJ WR PDQ\ VXUJHRQV KDYLQJ
YLVXDO IHHGEDFN DORQH SURYLGHV DGHTXDWH LQIRUPDWLRQ DERXW
WKH WLVVXH SDOSDWLRQ IRUFH IRU VDIH DQG UHOLDEOH RSHUDWLRQ
KRZHYHU WKH ODFN RI KDSWLF IHHGEDFN LV RIWHQ FRQVLGHUHG
DV D PDMRU OLPLWDWLRQ LQ URERWDVVLVWHG 0,6 SURFHGXUHV >@
&OHDUO\ DQ H[SHULHQFHG VXUJHRQ ¿QGV WKH ODFN RI KDSWLF
IHHGEDFN OHVV GLVWXUELQJ WKDQ D QRYLFH +RZHYHU LQ KDSWLF
JXLGDQFH OHDUQLQJ VSDWLRWHPSRUDO WUDMHFWRULHV FRQWUDU\ PRWLRQ
FRPSHQVDWLRQ DQG VWUDWHJ\ SODQQLQJ WKH SUHVHQFH RI KDSWLF
IHHGEDFN DQGRU VXUJLFDO VLPXODWRUV FDQ HQKDQFH IRUFH VNLOO
OHDUQLQJ IRU WUDLQHHV >@ ,Q UHFHQW \HDUV WKH XVH RI VXUJLFDO
VLPXODWRUV KDYH ODUJHO\ LQFUHDVHG RIIHULQJ GLIIHUHQW WUDLQLQJ
VFHQDULRV DQDWRPLFDO YDULDWLRQV DQG FRQGLWLRQV LQ WKH RSHUDW
LQJ HQYLURQPHQW >@
7KH SUREOHP RI GLVWLQJXLVKLQJ EHWZHHQ VRIW WLVVXHV E\
WHVWLQJ WKHLU PHFKDQLFDO SURSHUWLHV LV RIWHQ UHIHUUHG WR DV WKH
FRJQLWLYH UROH RI KDSWLF GHYLFHV LQ VLPXODWLRQ HQYLURQPHQWV >@
%\ XVLQJ ELODWHUDO KDSWLF GHYLFHV DQG DFFRXQWLQJ IRU WKH WLVVXH
G\QDPLFV RQH FDQ VROYH LVVXHV DULVLQJ IURP FRPPXQLFDWLRQ
ODWHQF\ DQG KLJK FRPSXWDWLRQDO UHTXLUHPHQWV >@ 6WDELOLW\ DQG
DFFXUDF\ GHWHULRUDWLRQ FDXVHG E\ ODWHQF\ DQG RWKHU H[WHUQDO
GLVWXUEDQFHV VXFK DV FRQWDFWLQJ KDUG WLVVXHV RU HODVWLF WRRO
GHIRUPDWLRQ FDQ DOVR EH DGGUHVVHG XVLQJ UHDOLVWLF VRIW WLVVXH
PRGHOV WKHLU LQWHJUDWLRQ LQWR PRGHO EDVHG IRUFH FRQWURO DOJR
ULWKPV ODUJHO\ LQFUHDVH WKH UREXVWQHVV DQG UHOLDELOLW\ RI URERW
DVVLVWHG LQWHUYHQWLRQV >@
7KLV SDSHU SUHVHQWV D QRYHO PHWKRGRORJ\ IRU WHVWLQJ WKH
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XVDELOLW\ RI VRIW WLVVXH PRGHOV LQ URERWDVVLVWHG 0,6 VHWXSV
IRFXVLQJ RQ WKH PRGHOHG PHFKDQLFDO SURSHUWLHV RI VRIW WLVVXHV
DQG WKHLU LQWHJUDWLRQ LQWR VXUJLFDO VLPXODWRUV ZLWK KDSWLF FD
SDELOLWLHV
,, 5(/$7(' :25.
7KH LQWHJUDWLRQ RI VRIW WLVVXH SURSHUWLHV WR URERWDVVLVWHG DQG
YLUWXDO UHDOLW\ EDVHG 0,6 SURFHGXUHV LV DQ DFWLYHO\ UHVHDUFKHG
WRSLF ZLWKLQ WKH ¿HOG RI VXUJLFDO URERWLFV 0HWKRGV IRU DF
TXLULQJ XVHIXO PHDVXUHPHQW GDWD XVH D FRPELQHG H[SHULPHQWDO
SURFHGXUH RI PHDVXULQJ WLVVXH UHOD[DWLRQ IRUFH XQGHU VWHSOLNH
WLVVXH FRPSUHVVLRQ DQG IRUFH PHDVXUHPHQW GXULQJ FRQVWDQW
FRPSUHVVLRQ UDWH LQGHQWDWLRQ LQSXW 6DPXU HW DO SURSRVHG D
PHWKRG IRU WLVVXH SDUDPHWHU HVWLPDWLRQ XVLQJ D FXVWRP LQGHQ
WHU GXULQJ ODSDURVFRSLF VXUJHU\ XVLQJ LQYHUVH ¿QLWH HOHPHQW
VROXWLRQ WR HVWLPDWH RSWLPXP YDOXHV RI QRQOLQHDU K\SHUHODVWLF
DQG HODVWLF SURSHUWLHV >@ %HFFDQL HW DO GHYHORSHG D WRRO IRU
LQWUDRSHUDWLYH ZLUHOHVV WLVVXH SDOSDWLRQ XVLQJ D F\OLQGULFDO
SDOSDWLRQ SUREH HVWLPDWLQJ ORFDO YROXPHWULF VWLIIQHVV YDOXHV
DVVXPLQJ OLQHDU HODVWLF EHKDYLRU RI WKH WLVVXH >@
$ GHIRUPDEOH PRGHO EDVHG RQ QRQOLQHDU HODVWLFLW\ DQG ¿QLWH
HOHPHQW PHWKRG IRU KDSWLF VXUJLFDO VLPXODWRUV ZDV SURSRVHG
LQ >@ YDOLGDWHG RQ UHDOWLPH VLPXODWLRQV RI ODSDURVFRSLF VXU
JLFDO JHVWXUHV RQ YLUWXDO OLYHU PRGHOV 7UHMRV HW DO VXJJHVWHG DQ
DXJPHQWHG K\EULG LPSHGDQFH FRQWURO VFKHPH WR SHUIRUP IRUFH
FRQWURO SURYLGLQJ PRGHOEDVHG FRQWURO EDFNJURXQG IRU WDFWLOH
VHQVLQJ LQVWUXPHQW LQ LQWUDRSHUDWLYH WLVVXH SDOSDWLRQ >@
(QGRVFRSLFDOO\ JXLGHG PLQLPDOO\ LQYDVLYH FDQQXODWLRQ WDVNV
ZHUH LQYHVWLJDWHG E\ :DJQHU HW DO WHVWLQJ WKH K\SRWKHVLV
WKDW IRUFH IHHGEDFN FDQ LPSURYH VXUJLFDO SHUIRUPDQFH ¿QGLQJ
WKDW DSSOLHG IRUFHV E\ WKH VXUJHRQV FDQ EH GHFUHDVHG IRU
WKRVH ZLWK DGHTXDWH WUDLQLQJ EDFNJURXQG >@ ,Q >@ WKH
DXWKRUV GHYHORSHG DQ DXWRPDWHG ODSDURVFRSLF JUDVSHU ZLWK
IRUFH IHHGEDFN FDSDELOLW\ LQ RUGHU WR DLG WKH VXUJHRQV LQ GLI
IHUHQWLDWLQJ WLVVXH VWLIIQHVV WKURXJK WKH 3+$17R0 6HQVDEOH
7HFKQRORJLHV :REXUQ 0$ KDSWLF GHYLFH 3DUWLFLSDQWV ZHUH
DVNHG WR GLIIHUHQWLDWH EHWZHHQ WLVVXHV KDYLQJ SURYLGHG YLVXDO
DQGRU KDSWLF IHHGEDFN WR FRPSOHWH WKH WDVN
7KH YLVFRHODVWLF WLVVXH PRGHO XVHG LQ WKLV SDSHU LV WDNHQ
IURP RXU SUHYLRXV ZRUN RQ VRIW WLVVXH PRGHOLQJ >@ LPSOH
PHQWHG DV D SDUDPHWHUGHSHQGHQW GLVFUHWL]HG YLUWXDO PRGHO
EDVHG RQ WKH 7HQVRU 3URGXFW PRGHO WUDQVIRUPDWLRQ DV GHULYHG
LQ >@ 7KH DLP RI WKLV UHVHDUFK LV WR SURYLGH D JHQHUDO
PHWKRGRORJ\ IRU DGGUHVVLQJ WKH XVDELOLW\ DQG YDOLGLW\ UDQJH
RI WKH SURSRVHG WRRO±WLVVXH LQWHUDFWLRQ PRGHO LQ WHOHVXUJLFDO
VFHQDULRV ZKHUH KDSWLF IHHGEDFN LV DYDLODEOH
,,, $ 0(7+2'2/2*< )25 02'(/ (9$/8$7,21 $1'
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7LVVXH VDPSOHV ZLWK GLIIHUHQW PHFKDQLFDO SURSHUWLHV ZHUH
LQYHVWLJDWHG GXULQJ WKH H[SHULPHQWV ZKLFK ZHUH FRPSOHWHG
LQ WZR SKDVHV 3KDVH , DQG 3KDVH ,, 'XULQJ 3KDVH , WKH
DUWL¿FLDO WLVVXHV VDPSOHV ZHUH VHOHFWHG IURP D ZLGH UDQJH
RI VWLIIQHVV EHLQJ FRPSDUHG WR WZR YHU\ GLIIHUHQW H[YLYR
VRIW WLVVXH VDPSOHV FKLFNHQ OLYHU DQG FKLFNHQ EUHDVW $IWHU
WKH HYDOXDWLRQ RI 3KDVH , QHZ DUWL¿FLDO WLVVXHV VDPSOHV ZHUH
FUHDWHG DLPLQJ WR PDWFK WKH PHFKDQLFDO SURSHUWLHV RI WKH
VHOHFWHG H[YLYR WLVVXH VDPSOH ,Q 3KDVH ,  H[YLYR VDPSOHV
DQG  DUWL¿FLDO WLVVXH SKDQWRPV ZHUH SUHSDUHG IRU WKLV WDVN
,Q 3KDVH ,, D UH¿QHG VHW RI  DUWL¿FLDO WLVVXH SKDQWRPV
ZHUH FRPSDUHG WR D VLQJOH H[YLYR FKLFNHQ EUHDVW VDPSOH
DV H[SODLQHG LQ 6HFWLRQ ,,,$ ([SHULPHQWV ZHUH FDUULHG RXW
XVLQJ WKH GD 9LQFL 5HVHDUFK .LW D FROOHFWLRQ RI UHWLUHG ¿UVW
JHQHUDWLRQ GD 9LQFL 6XUJLFDO 6\VWHP FRPSRQHQWV LQWHJUDWHG
LQ WKH &RPSXWHU ,QWHJUDWHG 6XUJLFDO 6\VWHPV DQG 7HFKQRORJ\
&,667 WRRONLW >@ )RUFH VHQVLQJ ZDV DFKLHYHG XVLQJ DQ
2SWR)RUFH 2SWR)RUFH /WG %XGDSHVW +XQJDU\  'HJUHHRI
)UHHGRP 'R) IRUFH VHQVRU 7KH LQVWUXPHQWV ZHUH LQWHJUDWHG
XVLQJ WKH 5RERW 2SHUDWLQJ 6\VWHP 526 ,QGLJR YHUVLRQ XQGHU
D  ELW 8EXQWX  /76 RSHUDWLQJ V\VWHP 7KH 526
SDFNDJHV ZHUH EDVHG RQ WKH  UHOHDVH RI WKH -RKQV
+RSNLQV 8QLYHUVLW\ VDZ,QWXLWLYH5HVHDUFK.LW GLVWULEXWLRQ
$ ([SHULPHQWDO 0HWKRGRORJ\
,Q ERWK SKDVHV RI WKH H[SHULPHQWV WKH ¿UVW VWHS ZDV WR
GHWHUPLQH WKH PHFKDQLFDO SURSHUWLHV RI WKH VDPSOHV XVLQJ
FXUYH ¿WWLQJ RQ WKH QRQOLQHDU PDVV±VSULQJ±GDPSHU :LHFKHUW
PRGHO IROORZLQJ WKH H[SHULPHQWDO VHWXS SXEOLVKHG LQ >@
$IWHU WKH DFTXLVLWLRQ RI WKH SDUDPHWHUV SDUWLFLSDQWV ZHUH DVNHG
WR FDUU\ RXW UHPRWH  'R) D[LDO SDOSDWLRQ RQ HDFK RI WKH
VDPSOHV XVLQJ WKH GD 9LQFL 0DVWHU 7RRO 0DQLSXODWRU 070
DV WKH PDVWHU GHYLFH 7KH SK\VLFDO SDOSDWLRQ RI WKH WLVVXHV
ZDV GRQH ZLWK WKH GD 9LQFL 3DWLHQW 6LGH 0DQLSXODWRU 360
HTXLSSHG ZLWK DQ 2SWR)RUFH  'R) VHQVRU DV VKRZQ LQ )LJ 
7KH DSSOLHG IRUFH ZDV IHG EDFN WR WKH RSHUDWRU WKURXJK WKH
070 VHUYLQJ DV D KDSWLF GHYLFH $IWHU WKH WHOHRSHUDWHG SDO
SDWLRQ SDUWLFLSDQWV ZHUH DVNHG WR FDUU\ RXW VLPLODU PDQHXYHUV
XVLQJ WKH GD 9LQFL 070 SDOSDWLQJ WKH YLUWXDO PRGHOV RI
WKH VHOHFWHG WLVVXH VDPSOHV 7KH VDPH SDOSDWLRQ SURFHGXUH
ZDV LPSOHPHQWHG RQ WKH 1RYLQW )DOFRQ LQWHUIDFH IRU RQO\
WKH VHFRQG SKDVH RI WKH WULDOV 7KH 1RYLQW )DOFRQ WHVWV ZHUH
RPLWWHG IURP 3KDVH , GXH WR WKH XQDQLPRXV UHVXOWV RI WKH
WHVW XVLQJ WKH GD 9LQFL 070 3DUWLFLSDQWV ZHUH DOORZHG WR
FRPSDUH WKH VHQVH RI WRXFK GXULQJ WHOHRSHUDWLRQ DQG YLUWXDO
SDOSDWLRQ XVLQJ DQ\ RI WKH WZR GHYLFHV DW DQ\ WLPH DQG ZHUH
DVNHG WR SDLU XS WKH UHDO WLVVXHV ZLWK WKH YLUWXDO RQHV 7KH
XVDELOLW\ VWXG\ ZDV YDOLGDWHG E\ HYDOXDWLQJ WKH FRUUHFW DQVZHUV
DQG FRPSDULQJ WKHP LQ HDFK RI WKH WZR FDVHV RI WKH XVHG KDSWLF
GHYLFHV 1RYLQW )DOFRQ DQG GD 9LQFL 070
% 'DWD &ROOHFWLRQ DQG $QDO\VLV
'DWD FROOHFWLRQ ZDV GRQH E\ UHFRUGLQJ WKH UHDFWLRQ IRUFH
RI WKH SDOSDWHG WLVVXHV GXULQJ WKHLU FRQWUROOHG GHIRUPDWLRQ
7KH WKLFNQHVV RI WKH LQYHVWLJDWHG DUWL¿FLDO WLVVXH VDPSOHV ZDV
XQLIRUP  PP WKH H[YLYR WLVVXH VDPSOHV KDG D GHYLDWLRQ
RI ±  PP IURP WKDW GLPHQVLRQ 3DOSDWLRQ WHVW RQ WKH H[
YLYR WLVVXHV ZHUH FDUULHG RXW DW GLIIHUHQW SRLQWV RI WKH VXUIDFH
LQGLFDWLQJ WKDW WKLV GHYLDWLRQ GRHV QRW KDYH DQ\ VLJQL¿FDQW
HIIHFW RQ WKH PHDVXUHG UHDFWLRQ IRUFH GDWD 7KH LQGHQWDWLRQ
GHSWK RI DOO PHDVXUHPHQWV ZDV  PP DQG UHJDUGOHVV RI WKH
KWWSVJLWKXEFRPMKXGYUNVDZ,QWXLWLYH5HVHDUFK.LWZLNL
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)LJ  ,QGHQWDWLRQ WHVWV RQ D VLOLFRQH DUWL¿FLDO WLVVH VDPSOH XVLQJ WKH GD 9LQFL
360 DUP ZLWK DQ 2SWR)RUFH  'R) IRUFH VHQVRU
QRQXQLIRUP VXUIDFH GHIRUPDWLRQ HDFK RI WKH VDPSOHV ZHUH
PRGHOHG VLQJOH QRQOLQHDU :LHFKHUWERG\ 7KHVH DVVXPSWLRQV
DUH YDOLG ZLWKLQ WKH LQYHVWLJDWHG UDQJH RI GHIRUPDWLRQ DQG WKH
WLVVXH SDUDPHWHU YDOXHV FDQ EH JHQHUDOL]HG WR VSHFL¿F VWLIIQHVV
DQG GDPSLQJ SDUDPHWHUV XVLQJ WKH PHWKRG GHVFULEHG LQ >@
(DFK RI WKH VDPSOHV ZHUH VXEMHFWHG WR D VWHSOLNH GHIRUPDWLRQ
ZKHUH WKH FRPSUHVVLRQ UDWH ZDV  >PPV@ DQG WKH UHOD[DWLRQ
UHVSRQVH ZDV PHDVXUHG IRU  >V@ $IWHU WKH UHOD[DWLRQ WHVWV
WKH VDPSOHV ZHUH FRPSUHVVHG DW D FRQVWDQW FRPSUHVVLRQ UDWH
RI  >PPV@ DQG WKH IRUFH UHVSRQVH GXULQJ WKH FRPSUHVVLRQ
ZDV UHFRUGHG $V HDFK VDPSOH ZDV WHVWHG  WLPHV IRU ERWK W\SHV
GHIRUPDWLRQ WHVWV WKH UHVXOWV ZHUH DYHUDJHG DQG SURFHVVHG
IRU WLVVXH SDUDPHWHU DFTXLVLWLRQ DV GHVFULEHG LQ >@ 'DWD
FROOHFWLRQ ZDV GRQH DW WKH VDPSOLQJ UDWH RI  +] WDNLQJ LQWR
FRQVLGHUDWLRQ WKDW WKH GD 9LQFL 5HVHDUFK .LW VXSSRUWV  +]
DW PD[LPXP ZKLOH WKH 1RYLQW )DOFRQ DQG 2SWR)RUFH GHYLFHV
FDQ HDVLO\ KDQGOH ± +] VDPSOLQJ UDWH DV ZHOO
,9 5(68/76
$ 5HVXOWV IRU 3KDVH , 8VHU 0DWFKHV
 'DWD &ROOHFWLRQ 'XULQJ 3KDVH ,  VLOLFRQH DUWL¿FLDO
WLVVXH VDPSOHV ZHUH PROGHG XVLQJ VLORUXE GV 5©I7* VLOLFRQH
DQG ZHUH VRIWHQHG XVLQJ 5XERVLO70PHWK\OVLOLFRQH RLO 6DP
SOHV $ % DQG & FRQWDLQHG   DQG  VLOLFRQH RLO
UHVSHFWLYHO\ 7KH H[YLYR FKLFNHQ EUHDVW VDPSOH ZDV PDUNHG
DV VSHFLPHQ ' ZKLOH WKH H[YLYR FKLFNHQ OLYHU VDPSOH ZDV
PDUNHG DV VSHFLPHQ ( 7KH H[YLYR VDPSOHV ZHUH FRYHUHG
ZLWK IUHVKNHHSLQJ ¿OP LQ RUGHU WR NHHS WKH VLOLFRQH VXUIDFH RI
WKH 2SWR)RUFH VHQVRU LQWDFW 7\SLFDO IRUFH UHOD[DWLRQ UHVSRQVH
FXUYHV DQG WKH UHVXOWV RI FRQVWDQW FRPSUHVVLRQ UDWH LQGHQWDWLRQ
DUH VKRZQ LQ )LJ  DQG )LJ  UHVSHFWLYHO\
$V LW LV VKRZQ LQ WKH ¿JXUHV WKH VWLIIQHVV FKDUDFWHULVWLFV RI
WKH DUWL¿FLDO WLVVXH VDPSOHV DUH FORVH WR OLQHDU DQG WKHUH WKH
UHOD[DWLRQ SKHQRPHQRQ LV QHJOLJLEOH +RZHYHU )LJ  VKRZV
5HOD[DWLRQWLPH>V@
























)LJ  7\SLFDO UHOD[DWLRQ IRUFH UHVSRQVH FXUYHV IRU WKH VSHFLPHQV XVHG GXULQJ
3KDVH , DVVXPLQJ VWHSOLNH GHIRUPDWLRQ DQG  PP LQGHQWDWLRQ GHSWK
,QGHQWDWLRQGHSWK>P@ ×
























)LJ  7\SLFDO IRUFH UHVSRQVH FXUYHV IRU WKH VSHFLPHQV XVHG GXULQJ 3KDVH ,
DVVXPLQJ FRQVWDQW FRPSUHVVLRQ UDWH GHIRUPDWLRQ DQG  PP LQGHQWDWLRQ GHSWK
WKDW WKH EUHDVW DQG OLYHU VDPSOHV KDYH D VLJQL¿FDQW GHFUHDVH
LQ WKH UHDFWLRQ IRUFH GXH WR WLVVXH UHOD[DWLRQ DV H[SHFWHG
7LVVXH SDUDPHWHUV ZHUH DFTXLUHG E\ FXUYH ¿WWLQJ XVLQJ WKH
0$7/$% 0DWK:RUNV &R IPLQVHDUFK IXQFWLRQ WDNLQJ WKH
VXP RI WKH URRW PHDQ VTXDUH HUURU 506( YDOXHV IURP ERWK
H[SHULPHQWDO GDWD VHWV DV WKH FRVW IXQFWLRQ IRU HDFK VDPSOH
7KH VLPXODWHG UHVSRQVH ZDV FDOFXODWHG E\ VROYLQJ WKH V\VWHP
HTXDWLRQV IRU WKH LWHUDWHG SDUDPHWHU YDOXHV IRU WKH QRQOLQHDU
:LHFKHUW PRGHO >@ 7KH HVWLPDWHG SDUDPHWHUV IRU HDFK RI
WKH VSHFLPHQV EDVHG RQ WKH UHVXOWV RI FXUYH ¿WWLQJ DUH VKRZQ
LQ 7DEOH , ,W LV LPSRUWDQW WR QRWH WKDW WKHVH YDOXHV DUH YDOLG
IRU WKLV VSHFL¿F H[SHULPHQWDO VHWXS DV WKLV SDSHU IRFXVHV
RQ WKH HPSLULFDO FRPSDULVRQ PHWKRGRORJ\ RI WKH LQYHVWLJDWHG
VDPSOHV LQVWHDG RI SURSRVLQJ JOREDO SDUDPHWHUV YDOXH VHWV IRU
WKH FKRVHQ PDWHULDOV
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 7LVVXH &KDUDFWHUL]DWLRQ 7ULDOV 7KH YLUWXDO 7HQVRU 3URG
XFW 73 PRGHO RI HDFK RI WKH VSHFLPHQV ZDV FUHDWHG DQG
LPSOHPHQWHG LQWR WKH H[SHULPHQWDO VRIWZDUH EDFNJURXQG 7KH
GD 9LQFL 070 VHUYHG DV D KDSWLF GHYLFH UHTXHVWLQJ IRUFH
FRPPDQGV IURP HLWKHU GLUHFWO\ IURP WKH 2SWR)RUFH VHQVRU RU
IURP WKH YLUWXDO PRGHO VLPXODWLRQ 7KH FXUUHQW SRVLWLRQ DQG
YHORFLW\ RI WKH 070 ZHUH LPSOHPHQWHG DV WKH LQSXW RI WKH
V\VWHP $ IRUFH XSVFDOLQJ IDFWRU RI  ZDV DSSOLHG IRU KHOSLQJ
WKH SDUWLFLSDQWV GLVWLQJXLVKLQJ EHWZHHQ WKH PRGHOV ZKLOH WKH
XSVFDOLQJ RI WKH  PP LQGHQWDWLRQ ZDV GHWHUPLQHG E\ WKH
SDUWLFLSDQWV UHVWULFWHG E\ WKH ZRUNVSDFH RI WKH GD 9LQFL 070
W\SLFDOO\ D VFDOLQJ IDFWRU RI ±
 VXEMHFWV SDUWLFLSDWHG LQ WKH 3KDVH , WULDOV  PDOH DQG
 IHPDOH SDUWLFLSDQWV  SDUWLFLSDQW KDG KDQGVRQ VXUJLFDO
H[SHULHQFH  FDPH IURP PHGLFDO HQJLQHHULQJ EDFNJURXQG
ZKLOH  SDUWLFLSDQW KDG QR H[SHULHQFH LQ HQJLQHHULQJ SUDFWLFH
3DUWLFLSDQWV ZHUH DJHG EHWZHHQ ± \HDUV ZLWK D PHGLDQ
DJH RI  $W WKH EHJLQQLQJ RI HDFK WULDO WKH SDUWLFLSDQWV
ZHUH DVNHG WR LQYHVWLJDWH WKH YLUWXDO PRGHOV E\ FRPSUHVVLQJ
DQG UHOHDVLQJ WKHP DVVHVVLQJ WKH WLVVXH SURSHUWLHV VWLIIQHVV
UHOD[DWLRQ HODVWLF EHKDYLRU YHUEDOO\ 7KHQ DIWHU JHWWLQJ IDPLO
LDU ZLWK WKH YLUWXDO PRGHOV WKH VLPXODWLRQ ZDV VZLWFKHG WR WKH
UHDOWLPH SDOSDWLRQ RI WKH WLVVXHV 7KH SDUWLFLSDQWV FRXOG VZLWFK
EDFN IURP WKH DFWXDO SDOSDWLRQ WR WKH SDOSDWLRQ RI WKH YLUWXDO
PRGHOV DW DQ\ WLPH DQG ZHUH DVNHG WR GUDZ D FRQFOXVLRQ
ZKLFK YLUWXDO PRGHO $±( FRUUHVSRQGV WR WKH H[YLYR WLVVXH
)RU WKH SDOSDWLRQ WHVWV JUDYLW\ FRPSHQVDWLRQ RI WKH GD 9LQFL
070 ZDV VZLWFKHG RII DQG WKH RULHQWDWLRQ RI WKH ODVW  D[HV
WRROWLS RULHQWDWLRQ ZDV ORFNHG DOORZLQJ RQO\ ]D[LV PRWLRQ
$OWRJHWKHU  WULDOV  SDUWLFLSDQWV IRU  WLVVXH PRGHOV
ZHUH FDUULHG RXW  RI WKH SDUWLFLSDQWV DFFXUDWHO\ SDLUHG
WKH H[YLYR WLVVXH WR LWV FRUUHVSRQGLQJ YLUWXDO PRGHO 2QH
SDUWLFLSDQW PLVWRRN VSHFLPHQ ' WKH FKLFNHQ EUHDVW VDPSOH
IRU WKH YLUWXDO PRGHO ( OLYHU VDPSOH WKH UHVW RI WKH DQVZHUV
ZHUH FRUUHFW IURP DOO SDUWLFLSDQWV %HVLGHV WKH FRUUHFWQHVV RI
WKH DQVZHU VRPH JHQHUDO FRQFOXVLRQV ZHUH UHFRUGHG IURP WKH
SDUWLFLSDQWV OLVWHG EHORZ
• 0RGHOV $ DQG % ZHUH VLJQL¿FDQWO\ VWLIIHU WKDQ WKH UHVW RI
WKH YLUWXDO PRGHOV DQG WKH H[YLYR SDOSDWHG VDPSOHV 
• 7KH H[YLYR VDPSOHV KDG SURJUHVVLYH VWLIIQHVV FKDUDF
WHULVWLFV ZKLFK GLVFORVHG PRGHOV $ % DQG & IURP WKH
FRPSDULVRQ 
• 7KH UHDFWLRQ IRUFH IURP VSHFLPHQ DQG PRGHO ( ZDV
YHU\ GLI¿FXOW WR IHHO HYHQ LQ WKH FDVH RI UDSLG FRPSUHV
VLRQ 
• 3DUWLFLSDQWV VSHQW PRVW RI WKH SDOSDWLRQ WLPH GLIIHUHQWL
DWLQJ EHWZHHQ PRGHOV & DQG ' EHIRUH GUDZLQJ WKH ¿QDO
FRQFOXVLRQ ZKHQ SDOSDWLQJ VSHFLPHQ ' 
% 5HVXOWV IRU 3KDVH ,, 8VHU 0DWFKHV
%DVHG RQ WKH UHVXOWV RI WKH WULDOV RI 3KDVH , 3KDVH ,, ZDV
SODQQHG WDNLQJ LQWR DFFRXQW WKH IROORZLQJ
• 7KH OLYHU WLVVXH VDPSOH ZDV UHPRYHG IURP WKH LQYHVWL
JDWLRQ GXH WR LWV ORZ VWLIIQHVV FRPSDUHG WR WKH VLOLFRQH
VDPSOHV
• 6SHFLPHQV $ DQG % ZHUH DOVR UHPRYHG GXH WR WKHLU
VLJQL¿FDQWO\ ODUJHU VWLIIQHVV FRPSDUHG WR WKH FKLFNHQ
EUHDVW VDPSOH
• 6SHFLPHQ & ZDV NHSW DV D UHIHUHQFH DQG IXUWKHU VLOLFRQH
VDPSOHV ZHUH FUHDWHG E\ DGGLQJ PRUH VLOLFRQH RLO GXULQJ
WKH SUHSDUDWLRQ XQWLO UHDFKLQJ SK\VLFDO OLPLWV VDWXUDWLRQ
RI RLO LQ WKH VLOLFRQH
 'DWD &ROOHFWLRQ 'XULQJ 3KDVH ,,  VLOLFRQH DUWL¿FLDO
WLVVXH VDPSOHV ZHUH FUHDWHG XWLOL]LQJ WKH VDPH PHWKRG DV
LQ 3KDVH , 7KH VDPSOHV ZHUH PROGHG IURP 6LORUXE GV 5©I
7* VLOLFRQH VRIWHQLQJ ZDV FDUULHG RXW ZLWK D FRPELQDWLRQ
RI 5XERVLO70PHWK\OVLOLFRQH RLO DQG 5XERVLO70VLOLFRQH JUHDVH
%LQGLQJ ZDV HQKDQFHG E\ XVLQJ 6LORUXE GV 5©. 579 FDWDO\VW
DGGLQJ  >PO@ WR HYHU\  >PO@ RI VLOLFRQH XVHG 6DPSOHV
ZHUH QXPEHUHG IURP  FUHDWHG ZLWK D XQLIRUP FXELF
VKDSH ZLWK WKH HGJH OHQJWK RI  PP %DNLQJ VRGD ZDV
DGGHG WR VDPSOH  WR IXUWKHU VRIWHQ WKH VLOLFRQH E\ FUHDWLQJ
DUWL¿FLDO LQFOXVLRQV DQG YLQHJDU ZDV DGGHG WR VDPSOH 
7KH YROXPH UDWLR RI WKH VLOLFRQH RLO DQG JUHDVH IRU HDFK RI
WKH VDPSOHV LV OLVWHG LQ 7DEOH ,, 7KH H[YLYR FKLFNHQ EUHDVW
VDPSOH ZDV PDUNHG DV VSHFLPHQ  $OO VDPSOHV ZHUH FRYHUHG
ZLWK IUHVKNHHSLQJ ¿OP LQ RUGHU WR NHHS WKH VLOLFRQH RLO IURP
GDPDJLQJ WKH VLOLFRQH VXUIDFH RI WKH 2SWR)RUFH VHQVRU 7\SLFDO
IRUFH UHOD[DWLRQ UHVSRQVH FXUYHV DQG WKH UHVXOWV RI FRQVWDQW
FRPSUHVVLRQ UDWH LQGHQWDWLRQ DUH VKRZQ LQ )LJ  DQG )LJ 
UHVSHFWLYHO\ 7KH DYHUDJH IRUFH UHVSRQVH FXUYHV XVHG IRU PRGHO
LGHQWL¿FDWLRQ DUH DOVR GLVSOD\HG RQ WKH )LJXUHV
 7LVVXH &KDUDFWHUL]DWLRQ 7ULDOV %HIRUH WKH WLVVXH FKDU
DFWHUL]DWLRQ WULDOV  VLOLFRQH VSHFLPHQV ZHUH VHOHFWHG EDVHG
RQ WKH GLIIHUHQW EHKDYLRU RI WKH FUHDWHG WLVVXH VDPSOHV GXULQJ
WKH GDWD FROOHFWLRQ SKDVH 7KH VDPSOHV ZHUH VHOHFWHG IURP D
ZLGH UDQJH RI VWLIIQHVV DQG PD[LPXP UHDFWLRQ IRUFH YDOXHV
WDNLQJ LQWR DFFRXQW WKDW VRPH RI WKHVH VDPSOHV KDG YHU\
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)LJ  0HDVXUHG DQG DYHUDJH EODFN IRUFH UHVSRQVH FXUYHV IRU WKH VSHFLPHQV XVHG GXULQJ 3KDVH ,, DVVXPLQJ VWHSOLNH GHIRUPDWLRQ DQG  PP LQGHQWDWLRQ
GHSWK
VLPLODU EHKDYLRU GXULQJ UHOD[DWLRQ DQG FRQVWDQW FRPSUHVVLRQ
UDWH LQGHQWDWLRQ WHVWV 7KH YLUWXDO 73 PRGHO RI HDFK RI WKH
VHOHFWHG VDPSOHV DQG WKH H[YLYR FKLFNHQ EUHDVW VDPSOH ZHUH
FUHDWHG VLPLODU WR WKDW RI 3KDVH , DQG ZDV LPSOHPHQWHG LQWR
WKH VRIWZDUH 7KH SDUDPHWHU HVWLPDWLRQ UHVXOWV IRU WKH VHOHFWHG
VDPSOHV IURP WKH LQGHQWDWLRQ WHVWV IRU 3KDVH ,, DUH VKRZQ LQ
7DEOH ,,, ,Q RUGHU WR LPSURYH KDSWLF VHQVDWLRQ DQG HQKDQFH
FRPSDUDELOLW\ EHWZHHQ WKH YLUWXDO DQG UHDO VSHFLPHQV WKH GD
9LQFL 070/ VHUYHG DV D KDSWLF WHOHRSHUDWLRQ GHYLFH UHTXHVW
LQJ IRUFH FRPPDQGV GLUHFWO\ IURP WKH 2SWRIRUFH VHQVRU ZKLOH
WKH GD 9LQFL 0705 UHÀHFWHG IRUFH YDOXHV IURP WKH YLUWXDO
PRGHO VLPXODWLRQ 7KH FXUUHQW SRVLWLRQ DQG YHORFLW\ RI WKH
070/ DQG 070/ ZHUH LPSOHPHQWHG DV WKH LQSXWV RI WKH
UHDO DQG YLUWXDO V\VWHPV UHVSHFWLYHO\ $ IRUFH XSVFDOLQJ IDFWRU
RI  ZDV DSSOLHG IRU KHOSLQJ WKH SDUWLFLSDQWV GLVWLQJXLVKLQJ
EHWZHHQ WKH PRGHOV XSVFDOLQJ RI WKH  PP LQGHQWDWLRQ ZDV
GHWHUPLQHG E\ WKH SDUWLFLSDQWV UHVWULFWHG E\ WKH ZRUNVSDFH RI
WKH GD 9LQFL 070V W\SLFDOO\ D VFDOLQJ IDFRU RI ± 7KH
SDUWLFLSDQWV ZHUH UHTXHVWHG WR DLP IRU LGHQWLFDO UDQJHV IRU ERWK
070V LQ RUGHU WR PDNH LW HDVLHU WR FRPSDUH VDPSOHV 7KLV
ZD\ VLPXOWDQHRXVO\ DQG LGHQWLFDOO\ PRYLQJ WKH WZR 070V
WKH UHDO DQG YLUWXDO WRROV UHDFKHG WKH WLVVXH VXUIDFH DW WKH VDPH
=FRRUGLQDWH RI WKH 070V
,Q 3KDVH ,,  SDUWLFLSDQWV ZHQW WKURXJK WKH WULDOV  PDOH
DQG  IHPDOH SDUWLFLSDQWV  SDUWLFLSDQWV KDG KDQGVRQ VXUJLFDO
H[SHULHQFH  FDPH IURP HQJLQHHULQJ RU PHGLFDO HQJLQHHULQJ
EDFNJURXQG  RI WKHP FDPH IURP RWKHU ¿HOGV 7KH SDUWLFLSDQWV
ZHUH DJHG EHWZHHQ ± \HDUV ZLWK D PHGLDQ DJH RI 
\HDUV $W WKH EHJLQQLQJ RI HDFK WULDOV WKH SDUWLFLSDQWV ZHUH
DVNHG WR SUDFWLFH LQGLYLGXDOO\ RQ ERWK 070 DUPV LQ RUGHU WR
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)LJ  0HDVXUHG DQG DYHUDJH EODFN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DFKLHYH D VWDEOH JULS GRLQJ VR E\ UHVWLQJ WKHLU ORZHU DUP RQ WKH
VRIW EDU GD 9LQFL PDVWHU FRQVROH 2QFH D VWDEOH WHOHRSHUDWLRQ
ZDV DFKLHYHG D UDQGRPO\ FKRVHQ YLUWXDO PRGHO ZDV IHG WR WKH
0705 ZKLOH WKH IRUFH VLJQDO IURP WKH 2SWR)RUFH VHQVRU ZDV
FRQVWDQWO\ IHG EDFN WR WKH 070/ IURP WKH LQGHQWDWLRQ RI WKH
H[YLYR FKLFNHQ EUHDVW WLVVXH 2Q UHTXHVW RI WKH SDUWLFLSDQWV
WKH YLUWXDO PRGHO ZDV VZLWFKHG WR DQRWKHU RQH RI WKH 
SRVVLELOLWLHV PRGHOV RI WKH VHOHFWHG  DUWL¿FLDO WLVVXHV DQG
WKH PRGHO RI WKH FKLFNHQ EUHDVW WLVVXH XQWLO WKH\ IRXQG WKH
EHVW PDWFK EHWZHHQ WKH YLUWXDO DQG UHDO WLVVXHV DFFRUGLQJ WKHLU
VXEMHFWLYH KDSWLF VHQVDWLRQ *UDYLW\ FRPSHQVDWLRQ RI WKH GD
9LQFL 070V ZDV VZLWFKHG RII DQG WKH RULHQWDWLRQ RI WKH ODVW 
D[HV ZHUH ORFNHG DV LW ZDV GRQH LQ 3KDVH , )LJ  VXPPDUL]HV
WKH DQVZHUV IURP WKH SDUWLFLSDQWV RQ ZKLFK YLUWXDO WLVVXH PRGHO
UHVHPEOHG WKH PRVW RQ WKH EHKDYLRU RI WKH H[YLYR FKLFNHQ
EUHDVW WLVVXH GXULQJ WKH SDOSDWLRQ WHVWV IURP WKH  VXFFHVVLYH
WULDOV
9 ',6&866,21 2) 7+( 5(68/76
5HVXOWV RI 3KDVH , LQGLFDWHG WKDW WKH SDUWLFLSDQWV ZHUH DEOH
WR GLVWLQJXLVK EHWZHHQ WKH LQYHVWLJDWHG VLOLFRQH VDPSOHV DQG
WKH H[YLYR WLVVXH VDPSOHV LQ  ZKLFK YHUL¿HV WKH XVDELOLW\
000276


























)LJ  7LVVXH FKDUDFWHUL]DWLRQ UHVXOWV IURP 3KDVH ,, VXPPDUL]LQJ WKH
SDUWLFLSDQWV DQVZHUV WR WKH TXHVWLRQ ¶:KLFK YLUWXDO WLVVXH PRGHO¶V EHKDYLRU
UHVHPEOHV WKH PRVW WR WKH H[YLYR FKLFNHQ EUHDVW"¶
RI WKH WLVVXH PRGHO LI WKHUH LV D VLJQL¿FDQW GLIIHUHQFH EHWZHHQ
WKH PHFKDQLFDO SURSHUWLHV RI WKH VDPSOHV 'XULQJ 3KDVH ,,
 RI  SDUWLFLSDQWV ZHUH DEOH WR FRUUHFWO\ PDWFK WKH YLUWXDO
FKLFNHQ EUHDVW PRGHO WR WKH H[YLYR WLVVXH ZKLOH VDPSOHV 
DQG  ZHUH FKRVHQ  DQG  WLPHV UHVSHFWLYHO\ %DVHG RQ
WKHVH UHVXOWV WZR LPSRUWDQW FRQFOXVLRQV FDQ EH GUDZQ
• 7KH VRIW WLVVXH PRGHO XVHG IRU UHSUHVHQWLQJ WKH WLVVXH
EHKDYLRU LV VXI¿FLHQWO\ JRRG IRU XVH LQ KDSWLF VLPXODWRUV
WUDLQLQJ DQG JHQHUDO UHDFWLRQ IRUFH HVWLPDWLRQ 7KLV LV
EDVHG RQ WKH REVHUYDWLRQ WKDW D VLJQL¿FDQW SHUFHQWDJH
 RI SDUWLFLSDQWV ZHUH DEOH WR PDWFK WKH YLUWXDO VRIW
WLVVXH PRGHO WR WKH UHDO RQH
• 6LOLFRQ VDPSOHV  DQG  ZLWK WKH SURSRVHG FRPSRVLWLRQ
DUH FDSDEOH IRU PRGHOLQJ VRIW WLVVXHV LQ WKLV SDUWLFXODU
FDVH FKLFNHQ EUHDVW LQ DUWL¿FLDOO\ EXLOW VXUJLFDO VFHQDULRV
RU SK\VLFDO SKDQWRPV 7KH FRQFOXVLRQ LV EDVHG RQ WKH
REVHUYDWLRQ WKDW D ODUJH SHUFHQWDJH  RI WKH SDUWLFL
SDQWV ZHUH XQDEOH WR GLVWLQJXLVK EHWZHHQ WKH SK\VLFDOO\
SDOSDWHG VRIW WLVVXH VDPSOH DQG WKH YLUWXDO PRGHO RI
WKH VLOLFRQ DUWL¿FLDO WLVVXH VDPSOHV RI VLPLODU PHFKDQLFDO
SURSHUWLHV 7KLV VLPLODULW\ LV EDVHG RQ WKH REVHUYDWLRQ RI
WLVVXH UHOD[DWLRQ DQG FRQVWDQW FRPSUHVVLRQ UDWH WHVWV
9, &21&/86,21
$ORQJ ZLWK IRUFH FRQWURO WKH SUREOHP RI KDSWLF IHHGEDFN LQ
WHOHVXUJLFDO V\VWHPV UHPDLQV DQ RSHQ FKDOOHQJH LQ WKH UHODWHG
FRJQLWLYH RU HUJRQRPLF ¿HOGV RI UHVHDUFK &XUUHQW VXUJLFDO
WHOHRSHUDWLRQ V\VWHPV ODFN KDSWLF IHHGEDFN FDSDELOLWLHV OLP
LWLQJ WKHLU XVDELOLW\ LQ HYHU\GD\ SUDFWLFH 7KLV ZRUN SURSRVHG
D YDOLGDWLRQ PHWKRG IRU WLVVXH PRGHOV DQG WKHLU SRO\WRSLF UHS
UHVHQWDWLRQ E\ FUHDWLQJ DQ H[SHULPHQWDO IUDPHZRUN XVLQJ WKH
GD 9LQFL 5HVHDUFK .LW )XUWKHUPRUH DOORZLQJ KDSWLF IHHGEDFN
IURP WKH PDQLSXODWHG UHDO WLVVXH IXQFWLRQDOLW\ FDQ EH H[WHQGHG
WR VXUJLFDO VLPXODWLRQ XVLQJ YLUWXDO WLVVXH PRGHOV FUHDWHG E\
WKH SURSRVHG VRIW WLVVXH PRGHOLQJ PHWKRG
5HVXOWV RI WKH XVDELOLW\ VWXG\ VKRZHG WKDW WKH SURSRVHG QRQ
OLQHDU WLVVXH PRGHO YHU\ ZHOO PLPLFV WKH PHFKDQLFDO EHKDYLRU
RI WKH H[YLYR WLVVXH ERWK IURP TXDOLWDWLYH DQG TXDQWLWDWLYH
SRLQW RI YLHZ 7KLV DOORZV RQH WR LQWHJUDWH WKH PRGHO LQWR
YLUWXDO WLVVXH PRGHOV XVHG LQ VXUJLFDO VLPXODWRUV ZKHUH LW LV
FULWLFDO WR KDYH D UHDOLVWLF KDSWLF VHQVDWLRQ UHÀHFWHG WR WKH
KXPDQ RSHUDWRU ZKHQ PDQLSXODWLQJ WKH WLVVXHV 7KH VWXG\ DOVR
VKRZHG WKDW XVLQJ D KDSWLF LQWHUIDFH LW LV FKDOOHQJLQJ WR GLVWLQ
JXLVK EHWZHHQ DUWL¿FLDO VLOLFRQH WLVVXHV DQG UHDO WLVVXHV GXULQJ
WHOHRSHUDWLRQ LQGLFDWLQJ WKDW E\ FUHDWLQJ D VLOLFRQH VDPSOH
E\ WKH PHWKRGV SUHVHQWHG LQ WKLV ZRUN VXUJLFDO WUDLQLQJ FDQ
EH HQKDQFHG E\ DUWL¿FLDO WLVVXH SKDQWRPV WKRXJK SURYLGLQJ
UHDOLVWLF KDSWLF VHQVDWLRQ WR WKH WUDLQHHV
2XU IXWXUH ZRUN IRFXVHV RQ WKH H[WHQVLRQ RI WKH V\VWHP
GDWDEDVH WR GLIIHUHQW H[YLYR WLVVXH PRGHOV GHYHORSLQJ PHWK
RGV IRU FUHDWLQJ DUWL¿FLDO VLOLFRQH VDPSOHV EDVHG RQ WKH PH
FKDQLFDO SURSHUWLHV RI WKHVH PRGHOV DQG RQ WKH LPSOHPHQWDWLRQ
RI WKLV DSSURDFK LQWR PRUH FRPSOH[ YLUWXDO VXUJLFDO VFHQDULRV
$&.12:/('*0(17
7KH UHVHDUFK ZDV VXSSRUWHG E\ WKH 0LQLVWU\ RI +XPDQ
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